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DEVICE AND METHOD FOR IMPROVING
BRACHYTHERAPY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of PCT Application No.
PCT/US2013/056373, filed Aug. 23, 2013 which claims

priority to U.S. Provisional Application Ser. No. 61/692,802,
filed Aug. 24, 2012, the entire disclosures of which are
incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a device and method for
delivering medicaments and more particularly, the present
invention relates to a device and a method for treating
cancers and tumors with radiation.

BACKGROUND

Some cancers and neoplasms are easier to treat with
radiation than others. Hard-to-reach neoplasms, such as
those 1n the esophagus, intestines and other lumens, are
often treated via Brachytherapy so as to mimimize radiation
to adjacent, healthy tissue.

Brachytherapy delivers radiation to small tissue volumes
while limiting exposure of healthy tissue. In this regard, the
delivered radiation conforms more to the target than any
other form of radiation, (including proton therapy) as less
normal transient tissue 1s treated. It features placement of
radiation sources, such as small radioactive particles or
needles, near or within the target tissue, thus having the
advantage over External Beam Radiation Therapy (EBRT)
of being more focalized and less damaging to surrounding
healthy tissue.

Brachytherapy 1s a common treatment for esophageal,
prostate, and other cancers. Approximately 15,000 and 480,
000 cases of esophageal cancer are diagnosed 1n the U.S. and
worldwide, respectively. At least 50 percent fail locally who
present with curable cancers, which 1s to say that 50 percent
suller from persistence or recurrence of the cancers at the
original cancer site.

Brachytherapy can be delivered 1n several rates: a Low-

Dose Rate (LDR), a High-Dose Rate (HDR), and a very Low

Dose Rate vLDR. The rates are expressed in Grays (Gy)/
hour which are SI units of energy absorbed from iomizing
radiation, equal to the absorption of one joule of radiation
energy by one kilogram of matter. Since the inception of
brachytherapy at the beginning of the 20th century (1.e., soon
after the discovery of radiation) delivery has been predomi-
nately LDR.

LDR brachytherapy typically delivers radiation at a rate
of about 50 cGvy/hr (1.e., 0.5 Gy/hr) while HDR typically
delivers at a rate of 5 Gy/min. The instantaneous rate 1s
much higher at each dwell location for HDR brachytherapy
as a very active source must traverse the various treatment
locations during each treatment.

LDR brachytherapy delivers radiation continuously,
while HDR brachytherapy delivers radiation intermittently
over several days. Regardless of the dose rate, a total final
dosage of 60 Gy or less 1s usually delivered to the patient
during brachytherapy 1f 1t 1s the sole source of radiotherapy,
and a total dose of 20-40 Gy 1s delivered during brachy-
therapy when used in combination with other forms of
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2

radiation treatment. These scenarios involve temporary
implants 1n which the device 1s removed after completion of
treatment.

Brachytherapy has been used to treat prostate cancer
which has been practiced for more than half century. In this
situation, very low activity material emitting a low energy 1s
placed next to or within a tumor. Until now these low
emitting devices have mostly been left in place permanently
except 1n extraordinary circumstances. The most commonly
employed LDR source is Iodine-125 (**°1) which decays at
a low energy radiation of 30 keV and emits radiation at a
dose rate of 0.4-1.0 Gy/hr (4 to 10 cGy/hr) for multiple days
up to a nominal year. vLDR 1s commonly used for cancers
in which the radiation source can be placed proximate to or
in the neoplasm and left for a significant period of time or
permanently, such as when radioactive material or seeds are
placed 1n prostate tumors. vLDR sources are considered
permanent implants but this invention provides an option for
replacing the radioactive material while the physical carrier
of the radiation source remains at the treatment site.

Clinicians administer HDR brachytherapy 1 multiple
sessions to improve patient tolerance. Thus, the patient 1s
subjected to the additional risk of multiple procedures, often
requiring anesthesia. Patients with cancers within lumen,
ducts, or tracts, such as cancer of the esophagus or biliary
tract of the liver, have less tolerance for brachytherapy if
connections (for example, catheters) are connected exter-
nally for multiple days, because of irritation and the risk of
life-threatening infections.

HDR employs a primary housing containing a relatively
high energy source (about 10 Ci1), such as Iridium-192 (0.4
MeV). Treatment sessions last about 30 minutes. HDR 1s
commonly applied 1n 2 to 3 daily sessions over the course of
a few days, or multiple placement of an after-loading
catheter 1n e.g. esophageal cancer treatment.

Brachytherapy dosage i1s usually calculated at a fixed
distance from the radiation source. HDR requires a highly
active source delivering radiation at a dose rate of about 12
to 20 Gy/hr. Hot and cold spots, due to uneven distribution
of radiation does, occur with small deviations 1n distance
between the tissue and the radiation source. Thus, brachy-
therapy treatment using a centralized radioactive material
housing or containment can result i significant patient
toxicity 1f the radioactive source 1s not centralized. For
example, for patients with esophagus cancer, potentially
life-threatening fistulas occurred at a rate of 12 percent when
treated with HDR brachytherapy 1n the study of Gasper et al,
International Journal of Radiation Oncology, Biology, Phys-
ics 38 (1) 127-321 (1997), the entirety of which 1s incorpo-
rated by reference. However, there are many reasons for the
source to be skewed to one side as even an active tumor
could displace the source. Lastly, HDR treatment requires a
specially shielded patient room with appropriate radiation
precautions.

State of the art devices for delivering radiation to internal
tissues lack two 1important essential features: 1) the ability to
remove or replace the radiation sources 1n situ when clini-
cally appropnate, and 2) the ability to change the geometry,
energy or radioactive sources of the radioactive particles or
seeds 1n situ according to clinical needs. Typically, once the
radiation source carrier and the radiation source 1s placed,
they remain permanently within the patient. Leaving a
permanent radiation source 1n a patient, where 1t or its carrier
may migrate over time or the tumor may change in shape or
s1ze, has the undesirable effect that healthy tissue will be
exposed to the radiation, while the target cancerous tissue 1s
not. The ability to remove the radioactive sources in this
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situation or prior to surgery, while clinically useful, 1s
currently lacking from the state of the art.

Additionally, 1t may be climically necessary to continue
radiation therapy aifter the activity of the radioactive material
has decayed. For example, '*°1 has a half-life of about 60
days. I the tumor 1s still present or grows 1n size after an
initial brachytherapy treatment (which sometimes occurs
within six months), then 1t would be advantageous to replace
the depleted radiation source with a source that has higher
activity or shorter half-life. This 1s because faster growing
tumors may be better controlled with radiation that has a
shorter half-life or that decays and emits radiation faster.

Additionally, it would be advantageous to adjust the
position and the activity of the radioactive source on its
carrier 1n response to changes in tumor shape and size,
carrier position, and other relevant therapeutic factors. It
also may be appropriate to remove the radiation sources
before surgery or other intervention to reduce personnel
exposure or damage to sensitive equipment.

A need exists 1 the art for a device to deliver radiation
and other medicaments to a patient at a lower total but more
concentrated dose but with the beneficial effects of a higher
dose. The device should facilitate the removable positioning
of vLDR radiation sources in close spatial relation to the
neoplasm or target tissue requiring treatment. The device
should therefore feature a means for accommodating indefi-
nite placement of the radiation source proximal to the target
tissue, the means also allowing for removal or replacement
of the radiation source, all with minimal invasive activity.
The device should also allow the radioactive sources to be
positioned 1n a preformed geometry that 1s customized to
patient anatomy and the target tissue.

SUMMARY OF THE INVENTION

An object of this mvention i1s to provide a system of
brachytherapy that overcomes many of the disadvantages of
the prior art.

Another object of the invention 1s to provide a device to
enable focalized delivery of radiation in patients. A feature
of this device 1s a medicament source supported by an
expandable stent either attached to or within the structures.
An advantage of the device 1s that the medicament may be
removed or replaced according to clinical need. Another
advantage of this device 1s that the medicament may be
contained within tubular members and may be removed or
replaced by relatively non-invasive means, such as by using,
endoscopic methods, all while the device remains 1n the
patient.

Still another object of the instant invention 1s to provide
a device comprising a radiation source removably attached
to a support or within a tubular structure for brachytherapy
applications. A feature of this device 1s that the radiation
source 1s positioned on the periphery of an expandable stent
near the target tissue, instead of positioned 1n the middle of
the duct, tract or other endoluminal space. An advantage of
the instant invention over the current practice of treating
endoluminal spaces using a centralized catheter 1s that the
distance between the radiation source and the target tissue 1s
more consistent, and therefore has smaller and fewer devia-
tions from the desired distance, when compared to a cen-
tralized radiation catheter. This allows for safer and more
cllicient delivery of radiation.

Yet another object of the mnvention 1s to provide a recerver
for medicaments, wherein the receiver 1s mside a patient. A
teature of the receiver 1s that 1t 1s adapted to removably
receive radioisotopes, therapeutic materials, pharmaceuti-
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4

cals, drugs, diagnostic materials, biologically active com-
pounds or materials, or any other medicament. An advantage

of the invention 1s that the medicament may be applied
locally 1n a focalized manner to target tissues. Another
advantage 1s that the medicament receivers may be modified
to facilitate diffusion or movement from the recervers to
target tissue.

Another object of the invention 1s to provide a receiver for
medicament for applications such as kyphoplasty. A feature
of the invention 1s that the receiver 1s an expandable stent
comprised of a hollow tubular member, and 1n one alterna-
tive embodiment the expandable stent 1s comprised of shape
memory material. An advantage of the invention 1s that the
stent 15 pre-formed to the desired three dimensional shape,
providing a means for pre-forming the geometry and spatial
relationship of radioactive particles and inert spacers sub-
sequently contained therein and preserved after placement 1n
a patient. This allows the radioactive sources to be posi-
tioned 1n a preformed geometry that 1s customized to patient
anatomy and the target tissue.

The mnvention provides a medicament delivery vehicle,
the vehicle comprising tubular members adapted to remov-
ably recetve the medicament and an expandable stent
adapted to receive the tubular members.

Also provided 1s a medicament delivery vehicle, the
vehicle comprised of tubular members which receive the
medicament wherein the medicament comprises discrete
entities and each of said entities are removably positioned at
predetermined regions within the members.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention together with the above and other objects
and advantages will be best understood from the following
detailed description of the preferred embodiment of the
invention shown in the accompanying drawings, wherein:

FIG. 1 1s an elevational cutaway view of a medicament
delivery vehicle, comprised of an expandable stent and
tubular members, in accordance with features of the present
invention;

FIG. 2 1s another elevational cutaway view of the medi-
cament delivery vehicle, in accordance with features of the
present 1nvention;

FIG. 3 1s a schematic view of a medicament delivery
device comprising a larger diameter outer sleeve and a
smaller diameter 1nner sleeve slidably received by the outer
sleeve, 1n accordance with features of the present invention;

FIG. 4a depicts a medicament delivery device wherein
tubular members are attached to the stent so that the tubular
member 1s 1 direct contact with the stent and holds the
medicament directly, in accordance with features of the
present invention.

FIG. 4b depicts a medicament delivery device wherein
outer sleeves of the tubular members are attached to the
stent, while 1nner sleeves are of a smaller diameter such that
they may be placed inside the outer sleeve. In this example
embodiment, the inner sleeves hold the medicament directly,
in accordance with features of the present invention.

FIG. 5 1s a schematic depiction of the distribution of the
radiation intensity for a radiation delivery device wherein
tubular members are attached to a stent placed within an
esophagus, 1n accordance with features of the present inven-
tion.

FIG. 6 depicts a medicament delivery device comprising,
a hollow tubular expandable stent wherein the medicament
1s placed inside the hollow center of the stent, 1n accordance
with features of the present mvention.
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FIG. 7 depicts an example application of the instant
invention to kyphoplasty, wherein the stent 1s wrapped
around a deflated balloon which 1s then inflated within a
collapsed vertebral body and then deflated and removed to
leave a cavity within the body. The cavity 1s first filled with

an appropriately shaped device and then filled with bone
cement, 1n accordance with features of the present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

The foregoing summary, as well as the following detailed
description of certain embodiments of the present invention,
will be better understood when read in conjunction with the
appended drawings.

As used herein, an element or step recited 1n the singular
and preceded with the word “a” or “an” should be under-
stood as not excluding plural said elements or steps, unless
such exclusion 1s explicitly stated. Furthermore, references
to “one embodiment” ol the present invention are not
intended to be interpreted as excluding the existence of
additional embodiments that also incorporate the recited
teatures. Moreover, unless explicitly stated to the contrary,
embodiments “comprising” or “having’ an element or a
plurality of elements having a particular property may
include additional such elements not having that property.

The 1invention provides irradiated stents for cancer treat-
ment, wherein the stents offer palliation and minimally
interfere with chemotherapy, while potentially decreasing
patient toxicity and the mcidence of fistulas.

The invented device 1s envisioned for treatment of col-
orectal cancers, which have incidence rates of about 40,000
per year 1n the United States and 1.2 maillion worldwide. The
proposed device also decreases bleeding perforations other-
wise caused by sub-optimum placement of the device,
thereby creating hotspots and {fistulas to tissue.

The mmvented luminal stent device 1s suitable to ftreat
pancreatic and biliary cancers, which occur at a rate of
50,000 per year 1n the United States and 280,000 worldwide.
Specifically, the invented device and method will assist 1n
relieving pain obstruction with the potential of prolonging
survival among these patients. The inventor envisions 350
percent of these patients benefiting from the invented device
and method.

Another application 1s the treatment of primary or meta-
static liver cancers, which have incidence rates of about
100,000 1n the United States and 1 million worldwide. These
cancers are currently usually treated by radioirequency
ablation or cryosurgery. Adjuvant localized radiation as with
an appropriately shaped device may help 1n the local tumor
control. The device could be placed percutaneously through
a needle.

Some other treatment applications are renal (40,000
cases/vear 1n the United States and 250,000 worldwide),
uterus-body (250,000/year worldwide), uterus-cervix (12,
000 cases annually 1n the United States), breast (200,000/
year 1n the United States and 1.4 million/year worldwide),
and bladder (0.4 million/year worldwide) cancers.

Generally, the invented brachytherapy stent device has the
potential to improve treatment for many cancers, by better
preserving function, decreasing bleeding, providing pallia-
tion, and providing alternative treatments for applications in
which currently surgery 1s the only available treatment.

The 1nvention features a combination of brachytherapy
and stents to provide eflective radiation treatment. This
combination provides all of the benefits of high dose radia-
tion therapy with the safety and convenience associated with
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low dose therapy. For example, cancer treatment of the
esophagus with stents provide immediate short term relief
with an increase of Health-Related Quality of Life (HRQL)
scores at one month. Simultaneously, brachytherapy
improves HQRL scores and dysphagia symptoms 2-3
months after treatment. The example apphcatlon of brachy-
therapy by use of radioactive particles 1s included in this
description, but 1s not the only application to which the
device 1s limited.

An embodiment of the invention comprises a medicament
receiver arranged linearly along an expandable stent such
that the receiver extends 1n parallel with the longitudinal
axis of the receiver. (Heretofore, stents have been used
primarily to re-expand an obstructed lumen, ducts, tracts, or
other confined cavities. A stent provides a mechanical means
of supporting luminal walls and opening ducts or other
passageways. However, tumors often grow over or within
stents, eventually occluding the lumen and embedding the
stent within the tumor.)

The mvention simultancously allows for the receiver to
contain medicament and the stent to expand. The receivers,
which may be tubular in shape, are attached to the outside
or 1nside of the stent walls, or embedded within the stent
itsellf.

Aside from positioning radioactive particles 1n a plurality
of linearly arranged tubes, other arrangements of the radia-
tion sources can be utilized. Those arrangements include
positioning medicament particles or seeds 1 a spiral con-
figuration within a stent.

In an embodiment of the invention, the medicament 1s
contained in the tubular members on the periphery of the
stent, and 1s 1n close apposition to the target tissue. The stent
may be comprised of a myriad of materials, including but
not limited to such reversibly deformable substrates as
nitinol, surgical steel wire, wire mesh, non-ferrous material
such as polymer, or another expandable material. The stent
1s placed 1nto various sites for desired therapeutic interven-
tion. The stent may be comprised of radiopaque materials, or
may be comprised of radiotransparent materials, depending
upon the application and the need for visualization of the
seeds

A replaceable, removable system 1s provided such that the
medicament 1s not permanently afl

1xed to its carrier. This
allows for follow-up or replacement of the radioactive
particles with more active radioactive sources. Additionally,
this system will allow the radiation to be delivered to
different patient reglons of different size. An embodiment of
the invention comprises flexible or stretchable tubular mem-
bers of suitable diameter (for example, surgical tubing)
attached to an expandable stent. In an example embodiment
the device would be comprised of tubular members woven
into the mesh of an expandable stent. The expandable stent
may be comprised of a wire mesh or other suitable material,
which may be expanded within the lumen by a surgical or
other technique. A method of stent insertion 1s to wrap the
stent around a deflated balloon and then inflate the balloon
within the target lumen, thereby expanding the stent in situ.

The mmvention provides focalized treatment of specific
tissues, including but not limited to the liver, kidney, ductile
tissue, and the spine. The mnvention 1s envisioned to deliver
any medicament or therapeutic matenal, such as radioactive
brachytherapy particles, drug solutions, or two-part resins,
but 1s not limited to any specific medicament or class of
therapeutic material.

The present invention features tubular members attached
to a stent comprised of a shape-memory material, such as a
shape memory alloy or polymer or plastic. Preshaped
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devices defining a myriad of geometries are suitable, includ-
ing but not limited to, spirals, spheres, planes and other
symmetric forms. Planar forms may be necessary to treat
larger treatment volumes, such as post-surgical scenarios
related to lung cancer, pelvic cancer, post meningioma and
multiple treatment sites. Asymmetric forms are also suitable,
such as where a spiral defines a frusto-conical shape (e.g.,
exhibiting a narrow diameter at one end and a larger
diameter at a second end).

The tubular members are adapted to recerve medicament.
In contrast to a normal elastic material, the deformation of
a shape-memory material leads to a stable temporary shape.
For a normal elastic material, after release of the deforming
external force, the material resumes 1ts original shape. For
some shape memory materials, however, resumption of the
original shape may require an external trigger such as heat,
as the second temporary shape can be energetically stable.
The present invention may also be comprised only of a
single hollow tubular stent made of shape memory material,
wherein the medicament, for example radioactive particles
and spacers, are placed inside the stent so as to physically,
directly contact the interior of the stent. Radioactive material
may be embedded in the inner stent, the latter of which 1s
removed, repositioned and replaced as clinically indicated.

Another application involves tubular members residing
within a stent, whereby the medicament such as radioactive
material 1s embedded in the tubular members, and adapted
to be repositioned, removed and replaced as clinically indi-
cated.

A stent made of a shape memory material allows the
material to be pre-programmed by thermal and/or mechani-
cal manipulations prior to mnsertion such that the stent will
“remember” a particular shape once inserted 1n situ. The
stent 1s then deformed 1nto a temporary shape for delivery,
typically by encasing 1t 1n a retractable sheath. Once the
stent 1s released from the sheath, the stent 1s triggered, either
naturally at ambient temperature, or by a temperature change
(such as at body temperature) to return to its pre-formed final
shape. This occurs because the material has a “memory” of
its permanent shape 1t 1s given during pre-treatment at the
manufacturer.

The stent(s) may be inserted through a needle or trocar
into the desired site. They may be loaded more easily with
radioactive material and appropriate spacers when using a
straightened needle.

Stent Material Detail

A myrniad of reversibly deformable materials are used as
the stent 1n the invention. For example, nickel-titanium alloy
1s suitable for its durability. The alloy 1s commercially
available from a myriad of sources. For example, Nitinol™,
an alloy composed of nickel and titanium, 1s available from
NDC, Inc. (Fremont, Calif.). Nitinol’s solid state transior-
mation occurs by thermal or mechanical manipulations, in
which the molecular crystal structure changes. At room
temperature, the nitinol stent 1s soit and elastic, resulting
from 1its crystal structure called martensite. The stent is
casily deformed and crimped 1nto the desired shape when 1t
1s 1n this phase. During pre-treatment of the stent at the
manufacturer, the material 1s heated while held 1n its desired
final shape (dictated by the clinician) above a transition
temperature, ranging from 38 to 350° C. or higher. At that
point, the material assumes a rnigid crystal structure called
austenite.

Upon cooling back to room temperature, the stent returns
to the martensite phase, which 1s elastic and thus easily
formed into a temporary shape suitable for insertion. How-
ever, upon heating above a second transition temperature,
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typically near or at body temperature, the stent transitions
back into the austenite phase and the original permanent
shape. The precise temperature at which this occurs can be
adjusted within 1 or 2 degrees by varying the composition of
the nitinol and other metallurgic constituents.

Nitinol stents also exhibit stress hysteresis, in that once
deployed in the target lumen, they expand until they are
constrained by the lumen walls (akin to contact inhibition 1n
biological systems), but do not exert a large outward radial
pressure after contacting the lumen wall. Nitinol stents
strongly resist inward force after converting to austentite at
body temperature, and thus are not easily compressed.
Instead, the stent 1n this phase remains semi rigid or rigid so
as to be resistant against inward pressure. Nitinol and other
shape memory alloys (such as various plastics, metal tubing
and polymers) are well suited for stent applications as they
can be deformed up to 8%, which 1s more similar to
biological tissue (~10% strain limit) These alloys also
exhibit superelasticity, in that they recover their original
shape alter severe deformations.

These properties make nitinol and other shape memory
alloys 1deal for stent manufacture, and provide an excellent
method of placement of brachytherapy particles or other
medicament 1 precise locations near the walls of lumen.
While currently most shape-memory stents are permanent,
nitinol stents have also been designed which are removable,
as disclosed 1n Jayant et al, 2012, Surg. Endosc. 26:1664-
1669, the entirety of which 1s incorporated by reference.
Thus, 1n an alternate embodiment of the current invention,
the stent 1tsell or an 1nner subsection of the stent 1s tempo-
rary, and the brachytherapy particles or other medicament
can be removed or replaced by removal of the entire device.
Shape Memory Polymers

The stent in the nstant imvention may be composed of
Shape Memory Polymers (SMPs). SMP stents have the
advantages ol large recoverable deformation (as high as
200% or more, compared to 8% for SMAs), low cost, and
low density. SMPs are described 1n Lendlein, A and Kelch,
S, “Shape-memory polymers.” Angew. Chem. Int. Ed. 2002,
41, 2034-2057, the entirety of which 1s incorporated by
reference.

SMPs are composed of a mixture of two different types of
polymer chains, soft segments and hard segments. For
example, a common SMP 1s comprised of urethane hard
segments and polyether or polyester soft segments. Both the
soit and hard polymer chains do not change their molecular
conformation or cross-linking upon mechanmical deforma-
tion, unless heated above a transition temperature. When the
material 1s stretched or deformed below transition tempera-
ture and then the external force 1s released, 1t rebounds to 1ts
original conformation and the material resumes its original
shape. However, 11 polymers are heated above their transi-
tion temperature, their molecules rotate around their bonds,
change their conformations, and break their cross-linking
bonds when external pressure i1s applied. The material
becomes deformed such that it no longer elastically resumes
its original shape.

The soft segments have a lower transition temperature,
T,,.,.s» than that of the hard segments, T ,_, .. The material 1s
given 1ts final, permanent shape upon heating above T,
and deforming 1t to 1ts desired shape as specified by the
clinician. Thus, both the soft and hard segments change their
molecular conformations and positions relative to each
other, such that the permanent shape 1s the energetically
favorable state.

The material 1s then cooled below both transition tem-
peratures to a working temperature (usually room tempera-
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ture) while applying external force to maintain the desired
permanent shape. When at working temperature, the mate-
rial elastically rebounds back to the original permanent
shape 1t subjected to deformation.

To make the material assume a second temporary shape
the matenal 1s heated above the transition temperature of the
soft segment, T, . but kept below the transition tempera-
ture of the hard segment, T, External force 1s applied to
deform the maternial into the second temporary shape. The
soit segments change their conformation and position while
the hard segments remain rigid and unaflected. After cooling,
the material below T, . back to the working temperature
while holding the material 1n 1ts temporary shape, the
material then stays in this temporary shape. The stent can
then be deformed, while returning to the second temporary
shape after external force 1s released. After insertion of the
stent while 1n this temporary shape, the temperature of the
stent reaches body temperature, which 1s above T, _ but
below T ,,,,. The soft segments lose their contormation and
cross-linked bonds while the hard segments maintain their
conformation, position, and cross-linked bonds. Thus, the
stent returns to the original permanent shape, driven by the
conformation and structure of the hard segments.

SMPs also can undergo transformations by non-thermal
mechanisms, such as upon exposure to radiation (such as
light) or chemical-sensitive polymers. SMP stents are not as
strong as SMA stents. However, they are advantageous for
some applications because of their cost, customizability, and
relatively large deformation capacity. An embodiment of the
instant ivention positions medicament particles in tubular
members that are connected to stents comprised of shape
memory materials. Alternatively, the medicament and
optionally substrate interposed between medicament par-
ticles, may be placed within the hollow core of a tubular
stent made of shape memory materials. Medicament struc-
ture can be either free flowing or connected by a spacer
substrate so as to maintain the position of the medicament
particles relative to each other 1n a geometry determined by
the shape of the neoplasm or lumen being treated.

An exemplary embodiment will be described 1n reference
to FIG. 1 as numeral 8. Flexible tubular members 12 are
attached to an expandable stent 10. The tubular members 12
reversibly receive the medicament. They are attached to the
stent on the outside or inside walls of the stent, or embedded
within the stent itself. The tubular members are arranged
parallel to each other and also parallel with a longitudinal
axis a of the stent 10. A preferred embodiment comprises
tubular members made of surgical tubing or other suitable
material that are woven into the mesh of an expandable
stent. The shape of the stent 10 and the position, spacing, and
number of the tubular members may be determined accord-
ing to clinical needs, for example by prior diagnostic 1imag-
ing. The tubular members define artificial lumens of appro-
priate diameter and appropriate material, for example
surgical plastic or nylon in the case of brachytherapy. In one
embodiment, the tubes are permanently sealed in some
manner at the distal end by heat, crnmping, gluing, or the use
ol a permanent or removable cap 16. The artificiality of the
lumens 1s not confined to non-biological substrate, inasmuch
as 3-D printing of human tissue, to be readily absorbed over
time, also 1s envisioned.

The proximal (1.e. loading) end 14 of the tubular members
may be open or reversibly sealed by a removable cap and
sealed after receiving the medicament, for example by
replacing a resealable cap, crimping, heat application, or
other means. The medicament may be loaded into the

tubular members 12 prior to mnsertion of the stent, or may be
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loaded by surgical means 1n situ after stent placement (which
already contains empty tubular members) in the patient.
Medicament may be removed from the tubular members, or
replaced at a later time using endoscopic methods or other
means, without removing the stent 10 from the patient.

In an embodiment of the invention, the first or proximal
ends 17 of the stent terminate 1n a plurality of feeder tubes
18, such that the tubes are arranged along the periphery of
the stent to facilitate medicament loading and retrieval.
Typically, the proximal end is the loading end mmasmuch as
it 1s nearest the excision of the patient whence positioned
inside the patient. Optionally, the tubes may also receive
substrates or other material connected to, 1in contact with, or
otherwise associated with the medicament to allow access
and physical manipulation of the medicament.

Furthermore, the tubular members 12 may be modified to
receive liquid drugs, resins, gels, diagnostic materials, or
other medicaments. Diflusion of other materials or solutions
from the tubular receivers may be accomplished by making
modifications, for example including slits in the tubular
members or using permeable membranes as part of the
receiver construction. The instant invention may also be
comprised of a temporary stent attached to radioactive
particles. The radioactive particles can thus be removed by
removing and replacing the stent attached to the radioactive
source.

FIG. 2 depicts an embodiment of the invention in
instances where radioactive particles are contained in the
tubular members for a brachytherapy application. FIG. 2
depicts an embodiment wherein the particles may be
retrieved or replaced 1n situ using an endoscope equipped
with requisite tools. Tubular members 22 may receive radio-
active particles 20 comprised of 1sotopes such as currently
available '*°1, Ytterbium-169, Palladium-103, or Cesium-
131.

2T is a suitable source for vLDR applications, given its
relatively short half-life (about 60 days) and relatively low
energy (about 30 keV). Spacers 22 are comprised of inert
material, and may maintain the desired geometry of the
radioactive particles 20 relative to each other, and to the
tissue being treated. The spacers may be free flowing, or
attached to the particles flanking them, those flanking par-
ticles being radioactive particles, additional spacers or com-
binations thereof.

The diameter of the tubular members and the size of the
particles contained therein will be constrained by the volume
of the target lumen. As such, the diameter will be empirically
determined upon receiving 1maging data as to actual struc-
tural size of the eflected tissue. Suitable radioactive particle
s1zes are those which can be loaded 1nto the tubular members
22. Typical sizes have diameters beginning at about 0.4 mm
and a length of about 4 mm (Iodine-125 “thin seeds” from
GE/Oncura, or Ytterbium-169 particles from SPEC). Typi-
cal particle diameters and lengths range from about 0.8 to
about 1.2 mm 1n diameter and 0.4 to 1.2 mm 1n length.
Smaller size particles allow for easier placement of the
instant invention in small-volume lumen, such as the bihary
tract of the liver.

As noted supra, the particles and spacers may be con-
nected via a substrate 21 or may be loose within the tubular
member. In one embodiment, the substrate may be a thin
linker made of a polymer or other suitable material that
connects adjacent particles and spacers. In another embodi-
ment, the substrate may be an adhesive, resin, or other
material which binds adjacent particles and spacers together.
In another embodiment, there may be a continuous substrate
contained within the tubular member that extends along a
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longitudinal region of the tubular member, with the particles
and spacers embedded within the substrate. In this embodi-
ment, the substrate and embedded materials may then slide
out of the tubular member.

An endoscope 26 can be used to load or replace the
radioactive particles 1n situ by delivering the radioactive
particles through a delivery catheter or loading tool 28. The
endoscope may also include various capping- or sealing-
tools 27 for the purpose of removing and replacing the cap
during loading, or a tool for cutting the accessible end of the
tubular member prior to loading and resealing (by mechani-
cal crimping, heating, end rolling, and a combination of
these means) the tubular member after loading. The capping
tool may also be comprised of multiple devices, for example
one tool for cutting and another for resealing. The endoscope
26 1s also used to deliver other medicaments such as drug
solutions by use of a delivery catheter or loading tool.

The radioactive particles may be removed or replaced
according to therapeutic need. For example, the tumor may
shrink or change 1ts shape or the stent’s position may
migrate 1n situ. The position of the radioactive particles
relative to the target tissue can be adjusted by changing the
order and position of the spacers 22 and radioactive particles
20 1n situ at a later time after stent insertion. Alternatively,
if the stent comprises ferrous material, the stent may be
manipulated by an externally applied magnetic field.

Shielding material 23 (such as tungsten) may be included
as part ol the tubular member 12 to prevent radiation
exposure ol undesired tissue. Tungsten 1s commonly used
with Iodine 123. In one embodiment, the shielding material
23 may be attached to the tubular member. In other embodi-
ments, the shielding material may be attached to one side of
the radioactive substrates 20, or attached to or embedded in
the stent 1tself 10. This shielding material may be used to
prevent exposure of healthy or other tissue 1n which 1t 1s not
desirable to expose the tissue to radiation. In one shielding
protocol, the tubular member may be rotated about its axis
so as to direct radiation from 1ts encased particles 1n a
predetermined direction.

The 1instant invention may comprise modifications to
tacilitate the placement and removal of medicament par-
ticles. In one possible embodiment, brachytherapy particles
and spacers may be coated, for example with wax or
silicone, to allow easier translocation into and out of the
tubular members. In another embodiment, the spacers may
be comprised of ball bearings that facilitate the movement of
spacers and particles within the tubular members. In another
embodiment the 1nside surface of the tubular members may
be coated, for example with silicone or wax, to facilitate the
movement of spacers and particles within the tubular mem-
bers. In another embodiment, the tubular members may be
comprised of ball bearings that are included within the
tubular members. In another embodiment, the tubular mem-
bers may be reinforced with additional elements to maintain
their shape, keep the hollow center open, or prevent crimp-
ing of the tubular members upon deformations of the stent
and attached tubular members.

FIG. 3 depicts an alternative configuration and loading
method of radioactive particles and spacers 1n the tubular
members. The tubular members may receive any medica-
ment or therapeutic matenal, but as an example embodiment
a medicament comprised of radioactive particles and spacers
1s depicted 1n FIG. 3. In this embodiment, the tubular
member 1s comprised of a larger diameter outer sleeve 30
and a smaller diameter iner sleeve 32 that i1s slideably
received by the outer sleeve. The outer sleeve 30 1s attached
along a longitudinally extending region of 1ts outer surface
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to the stent. The outer sleeve 1s permanently sealed at one
end 36 by the use of a permanent cap, crimping, glue,
adhesive, or other means. Alternatively, the outer sleeve 1s
reversibly sealed at the one end 36 via a male-female
threaded configuration, a snap fit arrangement, hook and pile
arrangement, or a tongue and groove arrangement or other
arrangement as clinically indicated.

The outer sleeve 1s sealed at the loading end 37 by means
of a replaceable cap 38 or by crimping or sealing or by other
means 1n a manner that allows the end to be opened later, for
example by using a cutting tool on an endoscope. The 1inner
sleeve 32 and or catheters may contain the radioactive
particles 20 and spacers 22, which may or may not be linked
by a substrate 21. The radioactive particles can be removed
at a later time by cutting the accessible end of the tubular
member and retrieving the linked particles (that 1s, “wire
stripping”’), after which the particles can be replaced and the
accessible end of the tubular member resealed.

The 1nner sleeve 32 1s loaded with the radioactive par-
ticles and spacers prior to placement 1n the outer sleeve, and
1s sealed at both of 1ts ends 34. FEither prior to stent
placement, or after stent placement, the sealed inner
sleeve(s) (or plurality of catheters) 1s loaded 1nto the loading
end of the outer sleeve 37. As determined by therapeutic
need, the mner sleeve can be removed or replaced 1n situ as
needed at a later time. This may be accomplished by using
an endoscope with the necessary tools or other surgical
methods to open the outer sleeve loading end 37 by remov-
ing a replaceable cap 38, cutting the sealed end, or by other
means. The mner sleeve 32 may then be removed, and a new
iner sleeve pre-loaded with radioactive particles and spac-
ers (or the original mner sleeve that was unsealed at its end
34 and the contents replaced) can then be inserted into the
outer sleeve loading end 37. The outer sleeve loading end 37
can then be resealed by replacing the cap 38, by crimping,
or by other means. The outer sleeve loading end 37 may be
perforated or otherwise modified to facilitate cutting or other
method of unsealing the end.

The outer sleeve 30 and 1nner sleeve 32 may be modified
to recerve liquid drugs, resins, gels, radionuclides or contrast
agents used for imaging, biologically active compounds, or
other desired material. Diffusion of materials or solutions
from the tubular receivers may be accomplished by making
modifications to either or both the inner and outer sleeves,
for example including slits in the sleeves or using permeable
membranes as part of the sleeve construction.

FIG. 4 depicts a comparison of the two designs of tubular
members and loading methods. In one embodiment depicted
in FIG. 4a, tubular members 12 are attached to the stent so
that the tubular member 1s in direct contact with the stent.
This tubular member holds the medicament directly. One
end 1s permanently sealed by use of a cap, crimping 16, or
other means. The medicament 1s loaded into the tubular
member on the other end by removing a cap 24 or by
opening the end by other means, for example by cutting the
tube.

In a second embodiment depicted 1n FIG. 4b, 1t 1s envi-
sioned that an outer sleeve of the tubular members 30 are
attached to the stent, while the inner sleeve containing
loaded catheters 1s of a smaller diameter such that 1t can be
placed 1nside the outer sleeve. In this embodiment, one end
of the outer sleeve 1s permanently sealed, for example by use
ol a permanent cap 36. The other end 1s sealed by use of a
removable cap 38 or i1s crimped and can be reopened by
cutting, or sealed 1n some other way that allows for the end
to be reopened after stent placement. The medicament 1s
placed inside the inner sleeve 32, which 1s sealed at both
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ends, for example by crimping. The entire inner sleeve may
be removed or replaced by use of an endoscope or other
surgical means, according to clinical need.
Medicament Detail

The 1nstant invention 1s not limited to the use of radio-
active particles. Liquid solutions, pharmaceuticals including
radiopharma-ceuticals, dissolvable solids, capsules contain-
ing liquid drugs, or other desired material may be included
within the tubular receivers. These medicament particles or
materials may also be separated by spacers to provide and
maintain the geometry of the medicament along the longi-
tudinal axis of the tubular receivers according to clinical
need. For example, 1 a drug solution 1s to be applied to a
desired portion of the tissue, then a drug delivery particle
may be localized to this region by inclusion of spacers for
the remaining length of the tubular receivers. In this embodi-
ment, medicament particles may be loaded, removed, and
replaced by surgical or other methods prior to or after stent

placement.

The term medicament need not be restricted to therapeutic
materials, but also maternials for other clinical purposes. For
example, the tubular members may comprise radiopaque
substrates that allow for diagnostic imaging of the location
of the tubular members or patient anatomy. Specifically, the
instant device may be modified to deliver medicaments such
as radiopharmaceuticals, radiotracers, or contrast agents for
possible applications such as Computed Tomography (CT),
Single Photon Emission Computed Tomography (SPECT),
or Magnetic Resonance Imaging (MRI). A focalized appli-
cation of such medicaments may be desirable for diagnostic
imaging or other clinical applications because the substance
may be at a desired local concentration without unnecessary
exposure of non-target areas as occurs with systemic admin-
istration.

Other medicaments that may be used with the instant
device include but are not limited to small interfering RNA
(siRNA), DNA used for gene therapy, monoclonal antibod-
ies targeted to relevant receptors, growth factors such as the
Insulin-like Growth Factors (IGFs), radiolabeled nanopar-
ticles, or medicaments which are chemically targeted to
desired tissues or areas.

The tubular members may also be modified to contain or
be attached to instrumentation, such as capsules which
contain a battery source, wireless transmitters, and instru-
mentation for acquiring diagnostic data. Diagnostic capsules
are currently used for momtoring relevant physiological
parameters, such as luminal pH, temperature, and pressure.
An embodiment of the instant invention may be to include
such devices within or connected to the tubular members of
the stent. If such devices needed to be removed, replaced, or
have their position along the tubular member adjusted, then
endoscopic or other surgical methods may be used to do so.

Alternatively, a wireless-controlled capsule with seli-
locomotion abilities may be included 1n the instant device.
Such a capsule or similar device may be modified to
translocate along the length of a tubular member. An envi-
sioned alternate embodiment would manipulate the position
of medicament particles using this capsule or similar device,
thus alleviating the need for invasive surgical procedures.

FIG. 5 schematically depicts the use of the mstant inven-
tion for vLDR brachytherapy of the esophagus. The tubular
members 52 of the instant invention containing radioactive
material follow the curvature of the esophageal wall 34. As
a result, the distribution of radiation dosage at 100 percent
55 and at 200 percent 356 follows the curvature of the
esophageal wall as well.
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The current invention avoids “hot spots” (and the related
patient toxicity, such as fistulas) caused by HDR therapy
wherein a highly active source 1s included 1n a centralized
catheter. For a centralized catheter, there are locations
wherein the catheter 1s much closer to the wall, such that
dangerously high levels of tissue 1rradiation causes patient
toxicity, such as fistulas. Brachytherapy treatment using a
centralized catheter for esophageal cancer results 1n signifi-
cant patient toxicity, with a 12 percent occurrence of fistulas.

For example, for Iridium 192, a common HDR source, a
decrease 1n distance between the tissue and the radiation
source from 10 cm to 5 ¢cm results 1n an increased radiation
dosage of 272 percent.

The present invention prevents hotspots by maintaining a
more consistent distance between the radiation source and
the tissue wall. Thus, the invention enables an LLDR source
attached to a stent, where the radiation source 1s held on the
periphery of a stent to conform to anatomical curvatures.
Thus, large deviations 1n distance between the tissue and the
radiation source do not occur as they do for HDR centralized
catheter treatment. Additionally, tumors of longer length can
be treated with a vLDR source attached to a stent. If hot
spots are unavoidable because of geometry, the modularity
of the device allows placement of the hot spots within a
tumor. The stent could also be modified to be utilized n
HDR applications which typically require a larger stent
internal diameter of the afterloading catheters.

FIG. 6 depicts an alternate embodiment comprising a
hollow tubular expandable stent wherein the medicament 1s
placed iside the hollow center of the stent. In the case of a
stent made of shape-memory materials, the stent 1s prepro-
grammed to a desired final shape so determined by visual-
ization via MRI, endoscopy or a combination of these, and
thus will expand after insertion 1nto the desired shape.

While the embodiment 1n FIG. 6 1s a helix, the stent may
be of any shape. The distal (i.e., the stent end furthest from
the cannula or other patient opening) end 60 1s permanently
sealed by means of a cap or other method, and the proximal
accessible end 62 1s either permanently or temporarily
sealed. Medicament, including but not limited to radioactive
particles 20 and spacers 22, which may be connected by a
substrate 21, may be placed inside the tubular hollow stent
so as to make direct physical contact with the interior
surfaces of the stent. The accessible end 62 may be tempo-
rarily sealed by use of a removeable cap or other method,
and thus the medicament may be reloaded and replaced at a
later time.

Additional tubular members may be attached to the stent
itsell to recerve the medicament, allowing for the medica-
ment to be removed or replaced 11 required. In an embodi-
ment, the medicament can be contained 1n an inner sleeve of
the stent, and the mner sleeve with the medicament may then
be placed into the hollow center of the stent or attached
tubular members. This may then be removed at a later time
from the accessible end 1f available 62 and may be replaced
according to clinical need.

Another embodiment of the invention comprises an inner
replaceable stent contained either in part or in whole within
an outer stent, wherein the radioactive material 1s connected
to, attached to, or embedded within the inner stent, and this
iner stent 1s removed and replaced according to clinical
requirements. The inner stent may be connected to the outer
stent by means of button connectors which can be unfas-
tened and fastened 1n situ. The mner stent may be attached
to, tethered to, or 1n some other way associated with the
outer stent such that i1ts position 1s maintained by this
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association, while allowing the inner stent and outer stent to
be dissociated and re-associated 1n situ.

FIG. 7 depicts an example application of the instant
invention to kyphoplasty. Kyphoplasty 1s often used to treat
partially or completely collapsed vertebrate, or vertebral
bone metastasis which occurs in 10-40 percent of patients
with cancer. Kyphoplasty 1s used to provide structural sup-
port to the aflected vertebrate, and typically mvolves inflat-
ing a small balloon 1n the vertebrate to create a cavity which
1s then filled with bone cement. The shaped device could be
a spiral spheroid or other geometric shape. A follow up of
this prototype could occur but not limited to other sites such
as liver metastasis after focal tumorcidal therapy such as
radio frequency ablation, cryosurgery, and radiosurgery.
Other applications differing mainly on geometric details
could include similar treatment for liver tumors, brain
tumors, breast cancer and bladder cancer, multiple metasta-
si1s and other situations. In the latter situation the only
alternative seems to be cystectomy.

The desired final shape of the medicament carrier (de-
picted as S, 1n FIG. 7a) 1s determined by the clinician prior
to the procedure by imaging or other methods. The shape-
memory stent 64 1s pre-formed to “remember” the shape S, .
The stent 1s also pre-loaded with radioactive particles 20,
spacers 22, which may or may not be associated with a
substrate 21.

In an embodiment of the invented treatment protocol, the
stent 1s deformed 1nto a temporary shape while wrapped
around a deflated balloon, depicted as S, 1n FIG. 7a. Alter-
natively the stent already defines a preformed shape. A
cavity 1s created within the vertebrate by ablating or remov-
ing the tissue according to climical need. The clinicians
access natural apertures in the vertebrate or create apertures
in the vertebrae (for example 1n the regions of the pedicles)
using a large bone needle. The stent 1n the temporary shape
S, and deflated balloon are then inserted through this hole
into the vertebral cavity, depicted 1n FIG. 7b.

The balloon i1s then inflated to allow the vertebra to
expand to its somewhat natural configuration prior to dis-
case. The inflation also provides a means for the stent to
assume 1ts permanent shape S, within the target lumen,
depicted in FIG. 7c. Additional thermal, mechanical, or
other manipulations may be required to achieve the final
configuration S..

The stent 1s then filled with bone cement or other material,
permanently atlixing the stent and radioactive sources within
the cavity. A dummy preshaped device that 1s fully retriev-
able (1.e., connected to a rod) may be employed. A plurality
of dummy tools provide a means to calibrate and therefore
select which permanent device to apply 1n kyphoplasty-type
scenar1os. In operation, a guide sleeve (such as a trocar) 1s
first 1nserted 1n a patient. The size of the sleeve i1s selected
so as be adapted to slidably receive the dummy device. A
suitable sleeve size may be a 14 G trocar.

After using a series of dummy devices to determine the
dimensions of the resting place for the medicament delivery
vehicle (such as spiral-shaped nitinol), the delivery vehicle
1s 1nserted 1nto the resting place. To expand or spread out the
now positioned delivery vehicle (which may or may not
have shape memory), a balloon could be passed through the
trocar to be positioned within the delivery vehicle, and then
inflated. A second rod could be mtroduced within the same
trocar, or an adjacent trocar to provide a means for adjusting,
the positioning of the device within the resting place.

The invention provides a system of treating the metastasis
site but without exposing healthy surrounding tissue with
permanently embedded radiation sources. In this embodi-
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ment, a radiation source 1s attached to or placed within a
stent which 1s expanded against the lumen wall, wherein the
geometry of the radioactive particles 1s determined and
preserved by separation of the particles with spacers. This
would allow for particle position to be customized to maxi-
mize delivery to the tumor and minimize exposure to healthy
tissue.

Three dimensional configurations of a tumor are ascer-
tamned by mmaging and the precise position of loose or
connected radioactive particles 1s calculated based on
desired radioactive dosages i1n three-dimensional space.
Details for such imaging are known and can be found 1n
Langley et al, 2012, BJU International, 109, 1-6, the entirety
of which 1s incorporated by reference. The use of these
methods to determine particle position within tubular mem-
bers positioned against the inner wall of a body cavity, such
as a vertebral cavity during kyphoplasty, allows for a cus-
tomized delivery of radiation, representing a significant
improvement of delivery of radiation to tumors located on
the wall of endoluminal spaces. Particle activity and position
can be calculated based on information from imaging (such
as X-ray or CT scans) or other means.

The mnvention provides a system whereby a removable
vLDR radiation source 1s attached to a stent, wherein the
radiation source can be left 1in the patient for longer periods,
and can be removed or replaced if required. The ability to
removably place vLDR radiation sources on the periphery of
a stent would be advantageous over current HDR methods
using a central catheter, as 1) the vLDR source would be
held 1n direct apposition to the target tissue by the stent, 2)
it could be left for an extended period of time in the patient,
and 3) the radiation source could be removed and replaced
according to climical requirements, for example changes 1n
tumor shape and size. Additionally, the presence of a vLDR
source would improve the mechanical relief of dysphagia by
the stent, as the vLDR would prevent the tumor from
growing over the stent. The proposed device would allow for
a removable vLDR radiation source that could be removed
and replaced by relatively non-invasive surgical means, such
as endoscopy.

The proposed device uses radioactive particles that are
separated by spacers which may or may not be connected by
substrates. The inclusion of spacers 1n the instant invention
allows the geometry of the radiocactive particles to be
customized along the longitudinal axis of the stent, as
spacers can be used to separate the desired position of the
radioactive sources and allow therapeutic inventions to be
localized to desired target tissue.

The present device may be modified to accept a HDR
brachytherapy application. The indwelling tubes would be
sized appropriately and the catheters would be of such
length to extend outside the body where they would be
attached to an HDR brachytherapy machine.

The present methods can involve any or all of the steps or
conditions discussed above in various combinations, as
desired. Accordingly, 1t will be readily apparent to the skilled
artisan that 1n some of the disclosed methods certain steps
can be deleted or additional steps performed without aflect-
ing the viability of the methods.

As will be understood by one skilled 1n the art, for any and
all purposes, particularly 1n terms of providing a written
description, all ranges disclosed herein also encompass any
and all possible subranges and combinations of subranges
thereof. Any listed range can be easily recognized as sufli-
ciently describing and enabling the same range being broken
down 1into at least equal halves, thirds, quarters, fifths,
tenths, etc. As a non-limiting example, each range discussed
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herein can be readily broken down into a lower third, middle
third and upper third, etc. As will also be understood by one
skilled 1n the art all language such as “up to,” “at least,”
“oreater than,” “less than,” “more than™ and the like 1include
the number recited and refer to ranges which can be subse-
quently broken down into subranges as discussed above. In
the same manner, all ratios disclosed herein also include all
subratios falling within the broader ratio.

One skilled 1 the art will also readily recognize that
where members are grouped together 1n a common manner,
such as 1n a Markush group, the present invention encom-
passes not only the entire group listed as a whole, but each
member of the group individually and all possible subgroups
of the main group. Accordingly, for all purposes, the present
invention encompasses not only the main group, but also the
main group absent one or more of the group members. The
present mnvention also envisages the explicit exclusion of
one or more of any of the group members 1n the claimed
invention.

The 1invention claimed 1is:

1. A stent, comprising:

an expandable framework configured to be implanted and

expanded within a body lumen to support a luminal
wall;

one or more tubular members positioned 1 a spiral

configuration along an inner surface of the expandable
framework;

a plurality of radioactive particles positioned within the

one or more tubular members;

wherein the plurality of radioactive particles are designed

to be removable from the one or more tubular members
in situ.

2. The stent as recited in claim 1, wherein the expandable
framework includes a mesh and wherein the tubular mem-
bers are woven 1nto the mesh of the expandable framework.

3. The stent as recited 1in claim 1, wherein the tubular
members are encapsulated by the stent.

4. The stent as recited 1n claim 1, wherein the tubular
members are partially embedded 1n the stent.

5. The stent as recited in claim 1, wherein the plurality of
radioactive particles are 1n the form of radioactive seeds.

6. The stent as recited 1n claim 3, further comprising one
or more non-radioactive spacers positioned between adja-
cent radioactive seeds 1n the tubular members.

7. The stent as recited in claim 1, wherein after the
radioactive particles are removed from the tubular members,
new radioactive particles may be inserted therein in situ.

8. The stent as recited in claim 1, wherein each of the
tubular members 1s comprised of an outer sleeve attached to
the expandable framework and an inner sleeve which fits
inside the outer sleeve, wherein the radioactive particles are
placed 1n the nner sleeve.

9. The stent as recited in claim 8, wherein the 1nner
sleeves and the plurality of radioactive particles contained
therein can be removed from the outer sleeves.
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10. The stent as recited 1n claim 1, wherein the tubular
members include slits, holes, or permeable membranes to
allow release of the plurality of radioactive particles from
the tubular members.

11. The stent as recited 1in claim 1, wherein a first end of
the tubular members 1s sealed and a second end of the
tubular members can be opened and closed 1n situ.

12. The stent as recited 1n claim 1, further comprising a
shielding material to minimize exposure ol radiation to
non-targeted tissues.

13. A stent comprising;
a tubular scaflold configured to be implanted and

expanded within a body lumen to support a luminal
wall;

a plurality of radioactive seeds;

one or more non-radioactive spacers; and

one or more tubular members positioned along an inner

surface of the tubular scaffold;

wherein the tubular members receive both the radioactive

seeds and the one or more non-radioactive spacers
within the tubular members with the one or more
non-radioactive spacers positioned between adjacent
radioactive seeds to space the radioactive seeds apart
within the tubular members, and wherein the radioac-
tive seeds are positioned 1n a spiral configuration along
the mner surface of the tubular scafiold.

14. The stent as recited 1in claim 13, wherein the tubular
scallold includes a mesh and the tubular members are woven
into the mesh of the tubular scafiold.

15. A stent for implantation 1n a patient, comprising:

an expandable tubular scafiold including a first end

region, a second end region and a lumen extending
therein; and

a plurality of tubular members positioned along an 1nner

surface of the tubular scaffold;

a plurality of radioactive particles positioned with the

plurality of tubular members;

wherein the plurality of radioactive particles are designed

to be removable from the plurality of tubular members
1n situ;

wherein the tubular scatfold 1s configured to be expanded

within a body lumen to support a luminal wall.

16. The stent of claim 15, wherein the tubular members
are partially embedded 1n the tubular scafiold.

17. The stent of claim 15, wherein the first end region, the
second end region, or both the first and second end regions
include a flared portion, and wherein the plurality of tubular
members extend into the flared portion.

18. The stent of claim 15, further comprising a plurality
of removable sleeves slidably disposable into the plurality of
tubular members, wherein each of the plurality of removable
sleeves 1ncludes radioactive particles placed therein.

19. The stent of claim 135, wherein the plurality of tubular
members are positioned 1n a spiral configuration along the
inner surtace of the tubular scatiold.
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